What level of tax revenue in GDP is suitable for a country to maximize the growth rate in Asia? To address this question, this paper estimates the optimal size of taxes which maximizes growth rate, using Scully and quadratic models, from the unbalanced panel data of 32 Asian countries. Both methods approve that tax revenue around 18 percent of GDP maximizes the growth rate. However, quadratic model provides more consistent result than the Scully model. Most importantly, the findings clearly show the existence of inverse U-shaped relationship between taxes and growth.
Introduction
Taxation has been the main source of government revenue across the world except some oil based economies. It also plays a great role in capital formation and output growth, thereby providing a sustainable source of public investment. A certain level of tax revenue in GDP is required for maintaining fiscal sustainability and is also considered to be an important indicator to meet the standard of the developed nation. However, the evidence on tax-growth relationship provides quite disappointing results. Some recent evidence in this regard reveals that this relationship is consistently negative (Gemmell and Au, 2012) . Although theoretical developments in endogenous growth model clearly explain the optimality condition of the government size, practical assessment in measuring the exact size is quite difficult.
From the perspective of optimal taxation, both higher and lower sizes of tax revenues are not supportive to higher growth. Higher taxation, in one hand, discourages the investment and labor supply, which in turn reduces growth. On the other hand, lower taxation creates a resource gap which significantly hampers public investments even in essential areas where private sector does not pay special care. This leads to a outstanding debt stock if deficit finance is used to fund public spending, causing uncertainty in the future investment and targeted growth. Hence, determining the suitable level of tax revenue in GDP is the major concern of the economists to resolve fiscal issues and ensure higher growth.
A body of literature shows that adapting optimal tax policy leads to a higher growth (for e.g. Jones and Manuelli, 1993; King and Rebelo, 1990) . But the major question is what size of tax revenue is optimally suitable for a country to maximize growth. Barro (1990) developed a model showing growth-maximizing condition of lump sum taxation under the assumption of balanced budget. His model indicates that maximum growth is achieved when the size of government equals to the share it would hold when public services were delivered competitively as an input of private sector. Although his model indicates inverse U-shaped relationship between taxes and growth, the model has not been popular to quantify growth-maximizing tax level. But Scully (1995 Scully ( , 1996 developed a model to estimate optimal tax burden rate showing that tax-growth relationship is inverse U-shaped. While some recent studies use quadratic method to find the optimal size of tax revenue. They clearly show that relationship is positive up to a certain level and starts to become negative after crossing that level.
Unlike many traditional approaches which depict linear relationship between taxes and growth, non linear approach showing inverse U-shape is highly recognized as it admits both positive and negative behaviour of taxation. However, a majority of the conclusions in this regard are drawn from developed countries and linear regression results. Only the linear and negative tax-growth relationship is not sufficient to provide a meaningful explanation for the required level of tax revenue. Hence, this research tries to estimate the growth-maximizing tax burden rate using the data from Asian countries which mostly covers developing countries.
Literature Review
The emergence of endogenous growth theory in the early 1990s gave an insight through which the long-run effect of taxation can be examined. Some previous theories regarding the optimal taxation are far from the reality. There exists a large gap between theory and tax policy; the implication of the theoretical prescriptions are rare in practice (Mankiw, Weinzierl and Yagan, 2009 ). Barro (1990) advanced the endogenous model showing inverted U-shape relationship between taxation and growth. Subsequently, Armey (1995) and Rahn and Fox (1996) and Scully (1996) developed theoretical literature on optimal size of the government, and particularly Scully tested empirically the growth-maximizing level of taxation showing the existence of inverse U-shaped tax-growth relationship.
A large body of recent empirical literature shows that higher size of taxation hampers economic growth (for e.g. see McBride, 2012) . The studies which yield inconclusive results of taxation are also equally large (e.g. Easterly and Rebelo, 1996; Gale, Krupkin, and Rueben, 2015) . Only a few studies show a positive relationship between taxation and growth. Most of empirical literature which follows linear regression technique shows the negative impact of taxation on growth. However, some studies which are based on threshold and quadratic models depict a positive relationship up to some point and negative after this. Among these, only few literature talks about the optimal size of taxation which maximizes growth. Scully model is one of the most convincing and practical method of finding optimal size of taxation for growth maximization although some critics show disagreement on the reliability of this model.
Scully himself conducted a series of studies to find the optimal tax size and found that around 20 percent of GDP is suitable for the higher growth. Scully (1991) used quadratic method by taking the data from 103 countries and observed that 19.3 percent of GDP is the growth-maximizing tax rate.
1 In 1995, Scully surveyed the data of USA (1949~1989), and concluded that growth-maximizing tax rate is between 21.5 and 22.9 percent of GNP. Similarly, Scully (2003) used two models-Barro and Scully. He found that growth-maximizing tax rate for the USA is 25.1 and 19.3 percent, respectively. Scully (2006) again surveyed the data of USA (1929~2004), by using his own method developed in 1996, and found that the optimal tax rate for the highest growth is 23 percent of GDP.
Following the Scully method, some other studies have tried to calculate the optimal tax rate, however, the optimal size observed across the studies is not uniform. Chao and Grubel (1998) applied Scully method for Canadian data and explored that the optimal size of taxes for growth maximization in Canada is 34 percent of national income. Keho (2010) used the data of Cote d` Ivorie (1960 Ivorie ( to 2006 and observed that optimal tax rate is between 22.1~22.3 percent of GDP. Similarly, Abdullaev and Konya (2014) used the same method for Uzbekistan (1996~2011) and found that the optimal tax rate is 22 percent of GDP for prior to 2001 and 31.25 percent for post 2001 . Davidsson (2012 slightly modified the Scully (1996) method and applied in randomly selected 12 countries for the period of 1982~2012 and found a low tax rate of 11.1 percent of GDP. Similarly, a study conducted by Saibu (2015) , using the data of South Africa and Nigeria, found that the growth-maximizing tax rate for South Africa is 15 percent and Nigeria is 30 percent of GDP. Likewise, Husnain, Haider and Salman (2015) used Scully model, with the inclusion of deficit term, for 4 South Asian countries and found that 13.78 % is the growth-maximizing tax rate. A brief review of related literature has been summarized in Appendix 2.
Although Scully model is popular, the results provided by this model for optimal tax rate are inconsistent, with the large variation. Almost all studies are based on the time series data. The researches which cover low-income countries in Asia are very rare. Hence, this study tries to find the optimal level of taxation which maximizes growth in Asian countries.
Methodology
Following Scully (1996) , we develop the model which establishs the relationship between taxation and economic growth. There exist two sectors in the economy: government sector and private sector. Government provides the public goods by labor and capital, which are solely financed through taxation. The untaxed part of the national income is used by the private sector to produce private goods. To produce the final goods, both government and private sources are used. Hence, total output is the sum of the output of the two sectors.
The production function in the Cobb-Douglas form is:
Where Y is the output, G is the government spending for public good, is the lump sup tax rate for the corresponding period and t is the time period.
We assume that the government budget is balanced. Hence, the government budget constraint is:
(2) where τ is the tax-GDP ratio. Here we simply say tax rate.
From 1 and 2, we can write:
Tax rate in this paper refers to the proportion of tax revenue in GDP.
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Y it / it−1 = 1 + g Hence, dividing both sides by it−1 ,
Growth-maximizing tax rate * is obtained by differentiating equation (3) with respect to and setting to zero. i.e.
We assume constant returns to scale on production function, which allows us to write β 1 + β 2 = 1. Hence, from equation (4), τ * = β 1 gives the optimal rate of taxation. To estimate the parameters, we simplify equation (3):
Taking log to both sides, we get:
Equation (5) is estimated through Fixed Effects Regression and value of β 1 is calculated.
Alternative Model: The Quadratic Model
Scully (1991) and others use the quadratic method with the assumption that tax revenue has a positive effect up to a certain level and negative effect after crossing that level. This means that tax revenue as measured in terms of GDP (τ) exhibits positive effect and square of tax (τ 2 ) exhibits a negative effect on growth. Now we define growth model in the form of linear and quadratic term of tax rate, with some control variables.
Where g it is the growth rate, it is tax rate measured in terms of percentage of GDP, Ḱ it is the growth in capital stock, Y it−1 is initial per capita GDP and D it is the growth rate of the deficit of the country i at time t. The control variables have been used based on the large number of existing empirical literature. Initial per capita GDP measures the conditional convergence of the model, which implies that countries which have higher per capita GDP face low growth in comparison to those who have lower per capita GDP. Deficit is the fiscal variable which has direct impact on investment and growth, and the rate of capital growth is assumed to have a positive impact on growth.
The optimal solution from equation 6 is obtained by: τ * = − If we observe the linear relationship between taxation and growth, we almost find positive relationship. Figure 2 shows the trend of average per capita growth rate and average tax revenue (percent of GDP). The upper line represents the tax burden ratio (percent of GDP) and the lower line represents the growth rate. The relationship tends to show the positive effect. The positive relationship is expected because Asian countries show quite low level of taxation which may not create burden like in highly taxed countries.
If we observe the quadratic line fit between tax level and growth, we find slightly inverse inverse U-shaped relationship. Figure 3 contains the tax level as measured in percentage of GDP in horizontal axis and per capita growth in vertical axis. The curve shows that up to some level (tentatively 15-20 percent of GDP), taxation shows positive result and after this size, it shows negative result.
Figure 2. Linear Relationship between Taxes and Growth
Source: Author's calculation based on the data taken from World Development Indicator (WDI) and GFS
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The graphical explanation of the average tax performance and tax-growth relationship is based on the part of PhD thesis of the author. Table 1 shows the results obtained by estimating the Scully model (equation 5). Dependent variable includes the logarithm of 1+g divided by 1-τ. Similarly, independent variable includes logarithm of τ divided by 1-τ. The equation has been estimated through simple fixed effects regression, with the assumption that some fixed factors such as the characteristics of the country affect the growth rate of the economy. The coefficient of the independent variable-β 1 is found to be 0.194. This means the optimal tax rate for the growth maximization is 19.4 percent of GDP. Note: ***, **, and * indicate that variables are significant within the 1%, 5% and 10% levels, respectively. Standard errors in the parentheses. Table 2 shows the regression results for GDP per capita growth obtained by using quadratic method. The size of tax revenue in GDP has positive effect, with the coefficient 0.43, while square of tax revenue has a negative effect on growth, with the coefficient -0.012. This means that tax revenue shows inverse U-shaped relationship on growth. As per expecatation, initial GDP per capita depicts a negative effect on growth, meaning that countries having higher GDP per capita in initial year face low growth in the coming year. The net growth in capital, which is referred to as investment, has a significant positive impact on growth and the deficit finance has a significant negative impact on growth. All variables are significant and in expected lines. The optimal taxation has been calculated in the table by using the formula as derived in equation 7 and found to be 18.12 of GDP. Up to this point, tax revenue shows a positive impact on growth and after this, growth rate starts to decline. Note: ***, **, and * indicate that variables are significant within the 1%, 5% and 10% levels, respectively. Standard errors in the parentheses.
Empirical Result
To check how sensitive the results are, we further apply the test to the countries which do not belong to the members of OPEC countries. These countries, in general, have a quite low level of tax revenue, and it is supposed that this may mislead the result. But the results obtained from the non-OPEC countries are comparable to the whole sample. Table 3 shows that the optimal tax rate is 17.4 percent of GDP. This point is 2 percentage points less than the value obtained from the whole sample. This shows that this model is a little bit sensitive, however, the results are acceptable and comparable. Table 4 shows the results from the quadratic model in non-OPEC countries. The variation of tax revenue in these countries is less than the whole sample. Regression results show that all variables are significant and also in expected lines. The coefficients of tax and square of tax are 0.471 and -0.013, respectively. This model also verifies the existence of inverse U-shaped relationship between taxation and growth. The optimal value of tax revenue in terms of GDP is found to be 18.11 percent, which is nearly equal to the value obtained in the previous sample.
The finding observed from these tests is comparable with the Scully (1996) but not the same. Much empirical studies are based on linear models which may not show the positive impact of taxation on growth. But the countries where the tax revenue is in lower level, the increase in taxation may help reduce existing public debt stock and avoids its negative impact on growth. As many Asian countries have tax revenue less than 15 percent of GDP, Increase in tax size nearly up to 18 percent yields positive result on growth. Note: ***, **, and * indicate that variables are significant within the 1%, 5% and 10% levels, respectively. Standard errors in the parentheses. Note: ***, **, and * indicate that variables are significant within the 1%, 5% and 10% levels, respectively. Standard errors in the parentheses.
The survey of empirical results which follow the Scully model indicates that the model seems to be more sensitive. Many economists criticize that the model is inappropriate to estimate the exact growth-maximizing tax rate (e.g. Kennedy, 2000; Hill, 2008) . Kennedy (2000) has noted that growth rate is not solely determined by the taxation and if other factors are responsible to influence growth, the method gives spurious growth-maximizing tax rate. Another issue in the Scully model is the assumption of balanced budget. Many countries, in reality, have deficit budget, which may cause country specific variations in determining the optimal level of taxation. However, Scully method provides some insights to determine the optimal level of taxation to maximize growth.
Conclusions
This research examines the optimal level of taxation for growth maximization, using Scully (1996) and quadratic models in Asian countries for 1991-2012. The results provide a clear evidence of inverse U-shaped tax-growth relationship. The optimal tax rate to maximize growth for 32 Asian countries is around 18 percent of GDP. Scully model is a little bit sensitive, however, this model provides a tentative idea about the growth-maximizing level of taxation.
The notion of inverse U-shape relationship between taxation and growth is likely to be more convincing and practicable idea. If the government is unable to collect sufficient tax revenue, the role of fiscal policy will be limited, and this may cause distortions in the economy, with the limited output growth. Similarly, the higher taxation, in one hand, causes excess burden to the private sector and reduces the investment activities. The transfer of resources from the productive private sector to less efficient government sector, on the other hand, may reduce the net productivity of the capital. This means that a certain amount of tax revenue, but not more than the taxation capacity of the country, is beneficial for the economy. Hence, the finding of this research has an important policy implication.
The level of tax revenue in Asia is comparatively lower than other regions of the world. The average tax revenue in the last two decades is around 11.4 percent of GDP and the optimal tax revenue to maximize the growth rate is around 7 percentage points higher than this. More than 25 countries out of 32 have average tax revenues less than 18 percent of GDP in 2012. Over the recent two decades, there has been no significant improvement in tax revenues. This scenario shows that increases in tax revenues up to 18 percent of GDP do not hamper growth in Asian countries.
Growth doesn't depend solely on taxation. Many macroeconomic and socio-political factors determine the aggregate growth. Hence, this study provides a tentative framework on maintaining the level of taxation in GDP for growth maximization.
